The solution polymerization of -caprolactone (CLO) initiated with stannous 2-ethylhexanoate has been studied in the temperature range 90 -150 °C. -Caprolactam (CLA) was used as a solvent. Although relatively high polymerization temperature was used poly(-caprolactone) (PCLO) was formed solely and no CLA structural units were incorporated into its chains. The polymerization rate increased with CLO content in feed and polymerization temperature. A linear dependence of molar mass on yield of PCLO indicates living character of polymerization. When polymerization was carried out in the presence of organically modified MMT, nanocomposites PCLO -layered silicate with an exfoliated structure were obtained.
Introduction
Aliphatic polyesters or copolyesters, prepared by ring opening (co)polymerization (ROP) of -caprolactone (CLO), lactides or glycolide are versatile materials with many applications. The resulting materials are biodegradable and biocompatible and some of them are used in medical applications [1, 2] .
The (co)polymerization of CLO is generally carried out in bulk or in solution. The bulk polymerization of CLO is frequently carried out in the range of 90-150 °C. In case of solution polymerization conducted in tetrahydofuran, dioxane, toluene etc. low temperature has been used (0-80 °C). Side reaction (inter-and intramolecular transesterification) accompanying propagation are thus minimized [3] . The solution polymerization of CLO in the presence of polyoxyethylene dissolved in dichlormethane or toluene have been used for the preparation of polyoxyethylene/PCLO block copolymers [4, 5] .
Two classes of initiators are frequently used in ring opening polymerization of CLOmetal alkoxides and metal carboxylates -and mechanism of polymerization is discussed in many contributions [6] [7] [8] [9] [10] [11] .
The aim of this work is to study the synthesis of poly(-caprolactone) (PCLO) by the solution polymerization of CLO initiated with stannous 2-ethylhexanoate in a polar solvent --caprolactam (CLA). This polymerization has not been studied in literature yet. CLA is a good solvent for polyoxyethylene, aliphatic, aliphatic/aromatic polyesters etc. Polymerization of CLO in the presence of polymer with suitable end groups dissolved in CLA melt could be a possibility for preparation of a new block 2 copolymers. We have prepared polyesteramide by the anionic polymerization of CLA in the presence of dissolved PCLO, which was prepared separately [12] . The formation of PCLO by the polymerization of CLO in CLA followed by the anionic polymerization of CLA could represent an alternative procedure for the preparation of polyesteramides.
Results and discussion
We have focused on ROP of CLO in the presence of CLA above its melting point (70 °C). Polymerization was initiated with 0.5 mol% stannous 2-ethylhexanoate with respect to CLO introduced and carried out at 90, 120 and 150 °C and molar ( weight) ratios CLO/CLA 80/20, 50/50 and 20/80. The rate of CLO polymerization was monitored by the determination of polymer yield and molar mass attained was determined by viscometry. Results are presented in Table 1 H NMR spectrum of poly(-caprolactone) (sample* in Table 3 ). No nitrogen has been found by elemental analysis in extracted materials, see Table  3 . The detection limit of nitrogen by elemental analysis is 0.2 wt.%; it corresponds to m/z 4 the content of CLA structural units in PCLO 1.6%.
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H NMR of polymer sample is identical with PCLO ( Fig. 2) . Also MALDI TOF trace confirmed that product of polymerization is poly(-caprolactone), differences between peaks are multiples of molar mass of the monomer unit of CLO, that is 114, see Fig. 3 . These observations indicate that CLA structural units are not incorporated in PCLO backbone and CLA is an inert solvent even at the highest polymerization temperature (150 °C) and concentration used.
Tab. 1. Polymerization of -caprolactone in the presence of -caprolactam initiated by 0.5 mol% of stannous 2-ethylhexanoate, molar ratio of -caprolactone/-caprolactam is 80/20. for legend see Table 1 Therefore equilibrium alkoxylactam anion is shifted to alkoxy one. Otherwise the presence of -caprolactamate anions in polymerization mixture could initiate incorporation of CLA structural units into PCLO chains by the anionic polymerization of CLA.
The polymer yield increases with polymerization time, polymerization temperature and with increasing initial lactone concentration in the polymerization feed, see Tables 1-3 .
Tab. 3. Polymerization of -caprolactone in the presence of -caprolactam initiated by 0.5 mol% of stannous 2-ethylhexanoate, molar ratio -caprolactone/-caprolactam is 20/80. The difference in polymerization rates decreases along with increasing lactone concentration in feed at given polymerization temperature. In case of high concentration of CLO in polymerization feed there is no big difference in polymer yield determined by the extraction of polymerization product both by methanol and water, Tab. 1. The differences become more pronounced when concentration of lactone decreases in the feed i.e. for the composition of polymerization feed CLO/CLA 50/50 and 20/80, Table 2 and 3. We have to take into account high concentration of CLA at the first extraction of polymerization mixture (by water or methanol) influencing solubility of low-molecular weight products-methanol dissolves higher portion of low molecular weight products than water.
The highest molar mass (M v ) of PCLO was attained in case of the highest concentration of CLO in the feed used, Table 1 . The values of M v increased with increasing yield of polymer (that is, also with increasing polymerization time) up to approx. 90% of conversion. This suggests a pseudo-living character of polymerization. Number average molar mass determinated by MALDI TOF (Fig 3. ) corresponds to viscosity average molar mass. Narrow molar mass is expected at the beginning of polymerization. The polymerization of CLO initiated with stannous) 2-ethylhexanoate in tetrahydrofuran at 80 °C is reported as living polymerization [5] . But polymerization CLO in CLA proceeded under different conditions (solvent polarity and temperature). We have observed decrease in M v at high yield of polymer depending on composition of polymerization feed and polymerization time, which is caused by the increasing participation of polymer chains in side reactions -intra-and intermolecular transesterifications and their scission favoured by relatively high polymerization temperature used. These side reactions influence nonuniformity of PCLO formed.
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We have also studied the same solution polymerization of CLO initiated with stannous 2-ethylhexanoate in the presence of organically modified layered silicate (Cloisite 30B). The presence of layered silicate in polymerization mixture influences the rate of polymerization preferably at lower polymerization temperature (90 °C), at higher temperatures the rate is not influenced as is illustrated in Fig. 4 . XRD analysis of materials that contain different amounts of smectite depending on conversion of CLO is consistent with an exfoliated structure. Indeed, no diffraction peak is observed in 1.528 as illustrated by Fig. 5 .
In this case monmorillonite surface modified by ammonium cations bearing hydroxyethyl groups is exfoliated by the in situ formed PCLO chains. The CLO polymerization is initiated by these hydroxyl groups which are activated by stannous 2-ethylhexanoate [9] . Thus a dispersion of PCLO nanocomposite with high content of filler in CLA melt could be prepared. Similar nanocomposites PCLO-layered silicate with high content of exfoliated filler was prepared by in situ intercalative polymerization of CLO catalyzed by dibutyltin dimethoxide [13] . Covalent binding of PCLO on hydroxy group of ammonium of Cloisite was proven by ionic exchange reaction with LiCl in THF solution. Sediment after centrifugation of "LiCl treated" sample was silicate with sorbed PCLO (32%). In case of reference sample (LiCl untreated sample) no sediment was taken.
Thus prepared solution of PCLO or dispersion of PCLO nanocomposite in CLA melt could be utilized in preparation of polyesteramides nanocomposites based on procedure as described in [12] . ) and sealed. The polymerization was carried out in an oil bath at the temperatures 90, 120 and 150 °C and quenched by cooling the ampoules in water (10 °C).
The yield of polymer was determined gravimetrically by extraction of the polymerization product with water or methanol (three-times for 60 min at laboratory temperature).
The DSC measurements were performed using DSC Q100 (TA Instruments) in the temperature range with a constant heating/cooling rate of 10 °C/min and nitrogen purge (50 cm 3 /min).
The thermogravimetric analyses were performed on a Hi-Res TM Q500 from TA Instruments in the temperature range 20-800 °C, at a heating rate 10 °C/min and nitrogen purge (60 cm . The difractograms were collected using a HZG diffractometer (Praezisiontechnik Freiberg, Germany) and CuK radiation in the reflection mode.
Treatment of colloidal suspension of PCLO-NC in THF with LiCl was carried out according to procedure described in [15] .
Nuclear magnetic resonance (NMR) analysis of sample* (Table 3 ) dissolved in CDCl 3 was performed using a Bruker Avance DRX 500.
